This work analyzes a uniform half-plane rectangular grid of positive resistances each node of which is connect~d to ground through another 
Introduction, Existence and uniqueness theorems for the current flows in infinite electrical networks have been the subject of rigorous analysis for almost a decade, starting with the seminal work of Flanders (4] and continuing with the efforts of Dolezal [2] and the author (18] , [20] .
However, except for some highly particular cases such as the lumped transmission line, there have been very few results concerning the actual computation of the current flows in an infinite network in the case where the total power dissipation or stored energy is required to be finite, A notable accomplishment in this regard is Flanders' justification [5] of the various analyses of the constant-resistance square grid. If the assumption of finite power or finite energy is dropped, a method [19] , [20] becomes available, but it requires the a priori assignments of the currents in certain branches called Alternatively, all the node voltages and thereby all the currents can be determined by our computations on the unit circle.
Our method works for networks with more complicated graphs than the one shown in Figure 1 . We can allow each node of that figure to be adjacent to more than two nodes in the same horizontal row in which the considered node appears. We need onlv require that each node have a finite degree and that the grid remain uniform.
(See Figure   5 of [IS] .) }IDreover, the element values and graphs can vary from horizontal row to horizontal row and even in the values of Zb so long as some periodicity in these variables occur along the vertical direction.
Actually, these grounded-grid configurations arise from the discretization of the partial-differential equations of a variety of physical phenomena. 
This theorem states in effect that four conditions determine a unique set of branch voltages: Kirchhoff's loop law (v' is a coboundary), the finite-power dissipation condition (2.1), the finite-power-available condition (2.2), and a generalized form of Tellegen's theoreM (2.3), which encompasses Kirchhoff's node law and Ohm's law as consequences.
Our infinite grids possess two more properties that will be worth exploiting.
Conditions B.
(i) N is locally finite except for a single ground node which is adjacent to every other node.
(ii) There are only a finite number of different operators among all the g.'
We can now identify V with a certain subspace of all coboundaries as follows. 4. The characteristic-resistance method. We wish to determine the i2r-valued currents and voltages in the ladder network of Figure 5 , where H is a given i2r-valued current source. We shall use the standard characteristicresistance method for periodic transmission lines, which now requires our extension of it to the case where the line's parameters are operators-rather than scalars.
We will show later on that the. characteristic-resistance operator Zo indicated in Figure 5 is invertible. Moreover, the solution dictated by Theorem 2.1 disallows any energy being inbilateral shift.
jected into the network from infinity. Moreover, the ladder network is passive.
This suggests that .ZO should be a positive operator.
To find such a ZO' we shall make use of the natural isomorphism between i2r and the space L2(0, 2~) of (equivalence classes of) quadratically integrable
In view of the remarksof the~receding paragraph, we seek the positivẽ~~-l solution ZO(x) of (4.2) where YO(x) = ZO(x) .
It is Proof. We shall show that the solution given by (4.5) through (4.10) satisfies the conditions of Theorem 2.2. First note that the network of Figure 5 satisfies Conditions A and B. Number and orient the branches in accordance with the currents in Figure 5 and let Vj be the branch voltages (i.e., voltage drops).
Since the V2n+l are node voltages, Kirchhoff's loop law is automatically satisfied by the corresponding vr The branch currents, as determined by Ohm's law in ,its operator form, satisfy Kirchhoff's node law. Indeed, for every n, . Therefore, H(x) = 1. Moreover, a=3, 13=1.
Then, ZO(x) is given by (4.3), and 0(x) by (6.1). Upon computing. the Fourier coefficients of (6.2) and (6.3) we obtain all the VZn+l for n = 0,1,2,"'. Ohm's law then yields all the branch currents. Some results for the V2n+l are: There is still another way of extending our method to more complicated grids, and that is to introduce three-dimensional ones. Figure 6 illustrates the three-dimensional half-space analogue to Figure 1 . Let~, n and~represent the three coordinates of three-dimensional Euclidean space. Restrict~and n to the integers and~to the positive integers. Then, 2.11 s~ch triplets (~, n,~)
will be the locations of our grid's nodes, except for an additional ground node.
For a fixed~and variable~and n, we have the~th horizontal plane of nodes in What we have just described is a formal method of computing. the voltages and currents in Figure 6 . Of equal importance is the fact that the existence and uniqueness discussions of the prior sections carry directly over to our present three-dimensional grid. Indeed, all the theorems, and in particular Theorems 2.2 and 5.1, hold once again for the grid of Figure 6 . Only a few minor modifications, primarily those of notation, need be made. IJeterminate the tables at s = 4.
Grids of im?edances.
So far, we have restricted our attention to purely resistive grids. We now wish to allow capacitors, inductors, transformers, etc. as grid parameters. More specifically, we shall now generalize the grid of 
